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INTRODUCTION 
Non destructive testing (NDT) of some components (of complex shapes for 
example) requires often the use of several methods that provide complementary 
information, such as X-ray, ultrasonic, Eddy currents. So, it is interesting develop 
reconstruction techniques that use all those different types of data. The task is difficult 
because classical signal processing methods are not to deal with heterogeneous data. 
Thus, this paper deals with the use of different types of data for NDT. We mainly 
focus on the data processing aspects, though specific acquisition procedUres may also be 
accounted for. In the field of signal processing, our problem then belongs to the data fusion 
which aims at accounting for heterogeneous and complementary data. 
In the following, we first propose three different strategies for fusion. Then we study 
more precisely the application for complementary use of X-ray and ultrasonic data: 3D 
reconstruction results are given and compared for the above mentioned different strategies. 
THREE STRATEGIES FOR FUSING INFORMATION 
We have identified three different strategies that can be thought offor the 
application of fusion in the field ofNDT. Each of these options is related to a processing 
architecture (see Figure 1, next page): 
- decentralized architecture in which case the idea is to deduce the reconstruction from part 
results made separately for each set of data, 
- cascade architecture where the fusion approach consists in processing one set of data and 
then in accounting both for the result of the first processing and the second set of data, 
- centralized architecture for which all data is processed simultaneously. 
Review of Progress in Quantitative Nondestructive Evaluation. Vol 17 
Edited by D.O. Thompson and D.E. Chimenti, Plenum Press, New York. 1998 837 
- ~ 
Data 1 ~ Procesalng 1 ~ Result 1 
~ Fusion 1 ~ Fusion result 
Data 2 Processing 2 . ~ Result 2 
Figure l.a: Decentralized architecture for fusion. 
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Figure l.b: Cascade architecture for fusion. 
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Figure l .c. Centralized architecture for fusion. 
Once, the architecture has been chosen, it should be decided which processing 
theory to apply. In fact, the inference theory (Bayesian, Dempster-Sheafer) is independent 
of the fusion architecture. The main difference between the three proposed options is the 
number of pre-processing before the fusion step; one can easily understand that whenever a 
preprocessing is made some information might be lost; that is why centralized fusion seems 
to be the richest approach. 
APPLICATION TO X-RAY AND ULTRASONIC DATA FUSION 
This section deals with the inspection of a steel block from radiographs and 
ultrasonic data. In order to account for real application conditions of inspection, only the 
upper face is accessible The experimentation conditions for radiography are so that the x-
ray scanning angle is reduced to 20°. Thus the X-ray images produce mostly information 
along the lateral direction and are poor in information along the vertical direction. In order 
to reduce this lack of information, ultrasonic data are collected on the top of the block; they 
provide information along the vertical direction. In such a case, X-ray and ultrasound 
indeed produce complementary information. This generical problem is shown in the Figures 
2 and 3. 
The processing examples in the following are all dedicated to that type of 
application. The three next subsections are each dedicated to one fusion architecture. 
Figure 2. X-ray conditions of inspection. 
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Figure 3. Ultrasonic imaging conditions of 
inspection (0° probe). 
Decentralized Architecture 
The inspected block is part of a T-junction with several electro dynamically induced 
slots (see Figure 4). We present the fusion results for one of those slots; they have been 
obtained through a processing algorithms relying on the Dempster-Shafer theory [I]. The 
results for the three steps of the fusion are detailed below. For the chosen method, the echo 
due to the defect is supposed to be bigger than the height of the defect. 
1) The mass of evidence for the defect obtained from 5 radiographs is shown on 
Figure 5: the slot clearly appears but, since the radiographs are poor in information along 
the vertical direction, its depth is much higher than the real one. 
2) Dealing with the processing of the ultrasonic datal, the shadow provided by the 
mass of evidence is less deep than the one obtained through the radiographs (see Figure 6); 
one the other hand, since the probe is not focused, the shadow is also wider than it should 
be. 
3) The final result is obtained through the fusion of those two masses of evidence 
(see Figure 7). The defect appears with more realistic dimensions: it is less deep than when 
the sole radiographs are accounted for and it is narrower than in the case of ultrasonic 
processing. 
The fusion indeed enables to take advantage of the complementary information 
provided by the two sets of data. 
Figure 4. CAD representation of the inspected block. 
Fig. 5. Vertical cut for the Fig. 6. Vertical cut for the 
defect's mass of evidence defect's mass of evidence 
obtained from the radiographs. obtained from the ultrasonic 
data. 
Fig. 7. Vertical cut for the 
defect's mass of evidence 
obtained by the decen-
tralized fusion process. 
I: The ultrasonic data for this example were provided by the REME branch of EDF IDER. 
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Cascade Architecture 
For both cascade and centralized fusion, we are interested in the inspection of a 
block made of austeno-ferritic steel with a 2mm in diameter cylindrical and transverse 
defect which was electro dynamically induced (see Figure 8). The processings account for 
three radiographs with narrow cone-beam emission; moreover, the X-ray sources are not 
centered on the defect, so the block is observed with an angle (see Figure 9). The ultrasonic 
dati are A-scans obtained with a 0°,1 Mhz divergent probe (see Figure 10); it should be 
noticed that, since the ultrasound do not propagate in the air, these A-scan provide 
information about the upper part of the defect but do not contain any hint about the lower 
bound. The results below are mostly vertical cuts of the reconstructed object within an (i, k) 
plan. 
Dealing with cascade fusion, the idea is to process first the ultrasonic data so as to 
deduce the breaks in the medium along the vertical direction and then to account for those 
discontinuities for the reconstruction from the radiographs [2]. 
1) In order to restore spikes from the ultrasonic, we have developed a deconvolution 
process that makes it possible to get rid both of the noise and the blurring effect induced by 
the waves' propagation in the medium. A typical example of our processing is given on the 
Figures 11-12: the deconvolution makes it possible to have successively both the defect and 
the bottom of the block clearly appear. 
2) The fusion process reconstructs the X-ray attenuation of the block. So as to take 
advantage of the result from the ultrasonic deconvolution, we introduce the information 
about the upper bound of the defect in the reconstruction from the radiographs. We do not 
introduce any information about the lower bound of the defect because this information is 
not contained in the A-scan. The Figure 14 is a typical cut of the reconstruction from the 
sole radiographs: of course, the defect is higher than it should be and the lateral dimensions 
are good (compare the Figures 13/14). The fusion reconstruction is given on Figure 15: the 
upper bound appears clearly and the defect depth is much closer to the real one. 
This very good result shows the fusion reconstruction accounts both for the 
ultrasound and the radiographs. We also want to check whether this method is robust 
towards bad time-depth conversion of the A-scans. So as to simulate such an effect, the 
upper bound of the defect is introduced at a bad depth (to deep) in the fusion process: the 
potential improvement provided by the fusion approach is drastically damaged. 
So the cascade architecture happens to be poorly robust towards bad depth 
positioning of the ultrasound. In fact, it would probably also have been the case with the 
decentralized approach, though we did not test it. Indeed, it seems whenever a decision is 
made from one set of data, those approaches are not able to compensate very corrupted 
information. To conclude, we want to stress the decentralized and cascade architecture are 
very appropriate to fuse data sets that are perfectly matched. 
2: The ultrasonic data for this example were provided by the EMA branch ofEDF/DER. 
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Fig, 8; The inspected block for 
cascade and decentralized 
fusion. 
Fig. 9. Conditions of 
acquisition for radiographs. 
Fig. 10. Conditions of 
acquisitions for ultrasound. 
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Fig. 11. Typical A-scan to be processed by the 
deconvolution. 
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Fig. 13. A perfect cut 
of the inspected 
block. 
Fig. 14 . 
Reconstruction from 
the sole radiographs 
(vertical typical cut). 
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Fig. 12. The deconvolution result from the A-
scan in Figure 11. 
Fig. 15. Cascade 
fusion reconstruction 
with perfect depth 
positionning of the 
discontinuity (vertical 
typical cut). 
Fig. 15. Cascade 
fusion reconstruction 
with imperfect depth 
positionning of the 
discontinuity (vertical 
typical cut). 
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Centralized Architecture 
In the case of the centralized architecture, the radiographs and the A-scans are 
jointly processed. The method we developed provides both the breaks in the medium and 
the reconstruction of the attenuation. The idea here is to relate softly a spike contained in 
the ultrasonic data to a jump in the attenuation [3]. 
In fact, since we are mostly interested with getting a 3D view of the inspected block, 
we only present the reconstruction of the X-ray attenuation. The results were obtained for 
the same block and with the same data as in the case of the cascade fusion (see the Figures 
8-9-10). For this sub-section, we present successive vertical cuts of the reconstructions 
which gives a 3 dimensional vision of the block 
When the time-depth conversion is perfect, the fusion result is as good as the one 
obtained with cascade fusion: the upper bound of the defect is very neat and the size of the 
defect is much closer to reality than in the case of the reconstruction from the sole 
radiographs (see Figure 16/17). If a delay is introduced into the time-depth conversion of 
the A-scan, the fusion reconstruction is better than reconstruction from the sole radiographs 
(see Figure 16/18) and the artifact due to this positioning error is not important (see Figure 
17/18). So, the improvement provided by this approach is its robustness towards 
mismatching of the two sets of data. 
Fig. 16. Reconstruction from the sole 
radiographs (successive vertical cuts 
along]'). 
Fig. 18. Perfect vertical cut. 
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Fig. 17. Centralized fusion reconstruction for 
perfect positioning of the ultrasonic data 
(successive vertical cuts along]'). 
Fig. 19. Centralized fusion reconstruction for 
imperfect positioning of the ultrasonic data 
(successive vertical cuts along]'). 
CONCLUSION 
We have proposed three different approaches to account for complementary types of 
data. For each of the proposed examples, the processing results are promising. The 
centralized approach seems to be the more attractive since it is robust towards bad 
geometrical positioning of the data. In fact, this approach is richer since all the data is 
processed in one step; the counterpart for this richness is that this method is also more 
complex to develop and more time-consuming. 
For future works, it would be interesting to adapt the methods we developed for x-
ray and ultrasound fusion to other kinds of application in the field of non destructive 
testing. 
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